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(57) ABSTRACT 

A fuel-inj ection system (1, 1’, 1") for an intemal-combustion 
engine (2), of the type provided With compressor mechanism 
(4) for making available the fuel at a high pressure to an 
storage volume (7), and a plurality of injectors (8, 8") 
?uidically connected to the storage volume (7) for taking in 
the fuel from the storage volume (7) and injecting it into 
respective combustion chambers (12) of the engine (2). The 
compressor mechanism (4) advantageously generates at 
least tWo distinct delivery lines (14), Which are connected to 
respective distinct fractions (16) of the storage volume (7). 

8 Claims, 6 Drawing Sheets 
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INJECTION SYSTEM FOR AN 
INTERNAL-COMBUSTION ENGINE 

BACKGROUND OF THE INVENTION 

a) Field of the Invention 
The present invention relates to a fuel-injection system for 

an internal-combustion engine. 

b) Background of the Related Art 
Known, in the framework of compression-ignition 

engines for motor vehicles, are injection systems (the so 
called common-rail systems) consisting of by a plurality of 
electro-injectors supplied by a common storage volume of 
fuel under pressure. 

In particular, operation of said injection systems envis 
ages that a loW-pressure priming pump Will draW the fuel 
from a tank and Will make it available to a high-pressure 
pump. The high-pressure pump compresses the fuel up to the 
pressure of injection and makes it available to a common 
storage volume, Which supplies the electro-injectors. A 
pressure-regulation system enables the desired pressure to 
be maintained Within the storage volume. 

The pump may be of the type With one or more pumping 
elements With reciprocating motion that generate a single 
delivery line, Which feeds the common storage volume. 
Each pumping element performs each time a suction stroke 
and a compression or delivery stroke. 

One of the functions of the common storage volume is 
that of dampening the pressure oscillations caused by the 
delivery of fuel from the high-pressure pump to the storage 
volume and by the extraction of ?lel caused by opening of 
the electro-injectors. 

In detail, the electro-inj ectors are supplied by the common 
storage volume and inject the fuel nebuliZed at high pressure 
into each of the combustion chambers of the respective 
engine cylinders. With reference to the current state of the 
art, there is felt the need to reduce the volume of the 
common storage volume in order to meet more satisfactorily 
current standards on pollutant emission. 

In greater detail, in the engine-starting stage, the high 
pressure pump is driven by the engine of the motor vehicle, 
and hence there occurs a transient period, during Which the 
common storage volume is at a pressure loWer than the 
steady-state pressure, and the electro-injectors take in fuel to 
start the engine itself. The duration of this transient increases 
as the siZe of the common storage volume increases. The 
injection of fuel by the electro-inj ectors during this transient 
causes non-optimal operation of the internal-combustion 
engine and in particular increases the emission of pollutant 
substances. 

Furthermore, the reduction in volume of the common 
storage volume Would enable reduced overall dimensions 
and a more convenient installation in the intemal-combus 
tion engine. 

HoWever, the reduction in volume of the storage volume 
could entail draWbacks in the use of the injection system 
during steady running conditions. In particular, opening of 
the electro-injectors causes a pressure drop in the common 
storage volume. Said pressure drops are dampened by the 
storage volume in a Way that is the more effective the greater 
the volume of the storage volume itself. Consequently, in the 
case Where the volume of the storage volume Were insuf? 
cient to dampen the aforesaid pressure drops, operation of 
the electro-injectors Would be faulty, and the pollutant 
emissions of the internal-combustion engine Would increase. 
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2 
SUMMARY OF THE INVENTION 

The purpose of the present invention is to provide an 
injection system for an internal-combustion engine Which 
Will enable the aforementioned requirements to be met in a 
simple and economically advantageous Way. The aforesaid 
purpose is achieved by the present invention, in so far as it 
relates to an injection system for an internal-combustion 
engine having a compressor mechanism for making fuel 
available at a high pressure to an storage volume; and at least 
tWo injectors ?uidically connected to the storage volume for 
taking in the fuel at a high pressure from the storage volume 
and injecting it into respective combustion chambers of the 
engine. The system being characterised in that the compres 
sor mechanism generates at least tWo distinct delivery lines 
Which supply respective distinct fractions of said storage 
volume. 

BRIEF DESCRIPTION OF THE DRAWINGS 

For a better understanding of the present invention, 
described in What folloWs are three preferred embodiments, 
Which are provided purely by Way of non-limiting examples 
and With reference to the attached plate of draWings, in 
Which: 

FIG. 1 is a diagram of an injection system for an intemal 
combustion engine made according to the teachings of the 
present invention; 

FIG. 2 is a diagram similar to that of FIG. 1 and illustrates 
a different embodiment of an injection system according to 
the present invention; 

FIG. 3 is a diagram similar to that of FIG. 1 and illustrates 
a further embodiment ofan injection system according to the 
present invention; 

FIG. 4 is a cross-sectional vieW, at an enlarged scale, of 
an injector of the injection system of FIG. 1; 

FIG. 5 illustrates, at a further enlarged scale, a detail of the 
injector of FIG. 4; and 

FIG. 6 is a cross-sectional vieW, at an enlarged scale, of 
an injector of the systems illustrated in FIGS. 2 and 3. 

DETAILED DESCRIPTION OF THE 
PREFFERED EMBODIMIENT 

With particular reference to FIG. 1, designated as a Whole 
by 1 is an injection system for an internal-combustion 
engine 2, in itself knoWn and illustrated only partially. 
The system 1 basically comprises: a tank 3 for the fuel; a 

compressor assembly 4 for making available the fuel at a 
high pressure to an storage volume 7; a plurality of electro 
injectors 8 ?uidically connected to the storage volume 7 for 
taking in the fuel at a high pressure from the storage volume 
7 itself and injecting it into respective combustion chambers 
12 of the engine 2; and a pressure regulator 19 for correcting 
the value of the injection pressure With respect to the 
operating conditions of the engine 2, i.e., for adjusting the 
pressure of the fuel inside the storage volume 7 given the 
same pressure of the fuel delivered by the compressor 
assembly 4 to the storage volume 7 itself. 

In the case in point illustrated, the compressor assembly 
4 comprises a loW-pressure pump 5 immersed in the fuel 
contained in the tank 3, and a high-pressure pump 6, Which 
supplies the storage volume 7 directly and, hence, the 
electro-injectors 8. 
The injection system 1 further comprises a control unit 20 

for regulating, through an appropriate system of a type in 
itself knoWn, the delivery pressure of the high-pressure 
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pump 6 and opening of the electro-injectors 8. More in 
particular, the control unit 20, on the basis of the operating 
conditions imposed on the intemal-combustion engine 2, 
determines the delivery pressure of the pump 6 and the time 
interval of injection of the fuel. 
As may be seen in FIG. 1, the pump 6 is ofthe knoWn type 

With a number of pumping elements With reciprocating 
motion. In the case in point illustrated they number tWo and 
are designated, respectively, by P1 and P2. Each of said 
pumping elements is formed by a cylinder (known and not 
illustrated) having a compression chamber in Which a cor 
responding piston slides. 

According to an important aspect of the present invention, 
the high-pressure pump 6 generates a plurality of distinct 
delivery lines 14, in the case in point illustrated tWo, each of 
Which extends from a corresponding pumping element P1, 
P2 and supplies a respective distinct fraction 16 of the 
storage volume 7. 

Furthermore, respective fuel-outlet lines 15 depart from 
each fraction 16 of the storage volume 7. In particular, the 
outlet lines 15 are connected doWnstream of the fractions 16 
and are connected, via a fuel-return line 17, to the tank 3. 

In greater detail, each fraction 16 of the storage volume 7 
is enclosed in a corresponding ?rst tubular body 10, Which 
has, at one end, a ?rst opening 10a for intake of the fuel 
through the corresponding delivery line 14 and, at the 
opposite end, a second opening 10b to enable outlet of the 
fuel through the corresponding line 15. Furthermore, in an 
intermediate position, each fraction 16 has a plurality of 
openings, in the case in point illustrated tWo, each of Which 
feeds the fuel into the respective electro-injector 8, described 
in detail in What follows. 

The pressure regulator 19 consists of a solenoid valve 
With variable section for passage of ?uid set along the line 
17 and is controlled in a knoWn Way by the control unit 20 
for varying the amount of fuel present in the storage volume 
7 and, hence, the injection pressure. 

Advantageously, the pressure regulator 19 is set on the 
line 17 doWnstream of the global storage volume 7 so as to 
enable a continuous How of the fuel through the storage 
volume 7 itself even in conditions of absence of injection 
and, consequently, so as to limit the pressure oscillations that 
are created folloWing upon each injection into the corre 
sponding electro-injector 8 in order to bring such electro 
injector back again into the pressure conditions required for 
the subsequent injection. 
As may be seen in FIG. 1, the pressure regulator 19 is 

associated in a knoWn Way to a pressure transducer 18, 
Which is designed to supply the control unit 20 With the 
pressure values detected along the fuel-retum line 17 and is 
set upstream of the pressure regulator 19 itself. 

With particular reference to FIGS. 4 and 5, each electro 
injector 8 has an axis A and comprises a holloW body 21 
coupled, via a ring-nut 22, to a noZZle 23. The noZZle 23 is 
provided With an axial hole 25 and terminates With a conical 
seat 24, arranged in Which is a plurality of injection holes 26 
communicating With the respective combustion chamber 12 
of the engine 2. The body 21 is provided With an axial hole 
35, in Which a rod 27 for controlling injection of the fuel 
through the noZZle 23 is able to slide. 

The holloW body 21 moreover has a side appendage 36, 
inserted in Which is a connector 37 de?ning a fuel-inlet 
mouth connected to the corresponding opening 100 (see 
FIG. 1) of the body 10, Which encloses a respective fraction 
16 of the storage volume 7. The appendage 36 has a hole 38 
in communication, via a feed pipe 39 made inside the body 
21 and a feed pipe 40 made inside the noZZle 23, With an 
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4 
injection chamber 41 of an annular shape, provided in the 
noZZle 23 itself and in communication With the axial hole 25. 
One end of the rod 27 is set bearing upon one end 28 of 

a pin 29, Which is able to slide in the axial hole 25 for 
opening/closing the holes 26. The pin 29 moreover has an 
opposite conical end 31 designed to engage the conical seat 
24 of the noZZle 23. In greater detail, the pin 29 comprises 
a portion 30 guided, in a ?uid-tight Way, in a portion 43 of 
the hole 25 of the noZZle 23. 
On the portion 30, toWards the end 28, there acts a collar 

32 guided in a cylindrical seat 49 of the body 21. The collar 
32 is normally pushed toWards the seat 24 by a spring 34, 
Which contributes to keeping the holes 26 closed. The 
opposite end of the portion 30 terminates With a shoulder 42, 
on Which the fuel under pressure in the chamber 41 acts. The 
pin 29 has a pre-set play With respect to an internal Wall of 
the hole 25 of the noZZle 23. This play is designed to 
guarantee a fast out?oW of the fuel contained in the chamber 
41 toWards the holes 26 of the noZZle 23. Normally, the 
volume of the chamber 41 is smaller than the maximum 
amount of fuel that the electro-injector 8 has to inject. The 
feed pipes 39 and 40 are hence siZed in such a Way as to 
enable ?lling of the chamber 41 With the fuel also during the 
step of injection of the fuel itself into the respective com 
bustion chamber 12. 
The holloW body 21 moreover houses, in an axial end 

cavity 53 of its oWn, Which communicates With the hole 35 
and is set on the opposite side of the noZZle 23, a control 
servo-valve 44 comprising, in turn, an actuator device 45, 
Which is coaxial With the rod 27 and is provided With an 
electromagnet 46. The servo-valve 44 further comprises: an 
anchor 47, Which has a sectored con?guration and is axially 
slidable in the holloW body 21 under the action of the 
electromagnet 46; and a pre-loaded spring 51, Which is 
surrounded by the electromagnet 46 and exerts an action of 
thrust on the anchor 47 in a direction opposite to the 
attraction exerted by the electromagnet 46 itself. 
The servo-valve 44 comprises a control chamber 59 made 

in a cylindrical tubular guide element 63, Which is in turn 
housed in a portion of the hole 35 adjacent to the appendage 
36 and inside Which a piston-shaped portion 64 of the rod 27 
is able to slide in a ?uid-tight Way. 
More in particular, the chamber 59 is axially delimited 

betWeen a terminal surface 66 of the portion 64 of the rod 27 
and an end disk 65 housed inside the cavity 53 of the holloW 
body 21 in a ?xed position betWeen the actuator device 45 
and the guide element 63. 
The chamber 59 communicates permanently With the hole 

38 for receiving fuel under pressure through a radial cali 
brated pipe 67 made in the guide element 63 and an annular 
groove 68 of the holloW body 21, Which surrounds a portion 
of the guide element 63 itself. 
The chamber 59 moreover communicates, via a calibrated 

pipe 69 sharing the axis A of the disk 65, With a further 
chamber 61, Which also shares the same axis A and is made 
in a distribution body 70 set in an intermediate axial position 
betWeen the disk 65 itself and the actuator device 45. 
The body 70 comprises a base 71 axially packed tight 

against the disk 65, in a ?uid-tight Way and in a ?xed 
position, by means of a ring-nut 56 screWed to an internal 
surface of the cavity 53 of the holloW body 21 and axially 
coupled so that it bears upon an external annular portion of 
the base 71 itself. The body 70 further comprises a stem or 
pin 50, Which extends in cantilever fashion from the base 71 
along the axis A in a direction opposite to the chamber 59, 
is delimited on the outside by a cylindrical side surface 79, 
and is made of a single piece With the base 71. 
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In detail, the chamber 61 extends through the base 71 and 
part of the stem 50 and communicates, on diametrally 
opposite sides, With respective radial holes 78 of the stem 50 
itself. The holes 78 give out, in an axial position adjacent to 
the base 71, into an annular chamber 80 dug along the 
surface 79. 
The chamber 80 de?nes, in a radially external position, an 

annular gap or port designed to be opened/closed by an 
open/close element de?ned by a sleeve 60 actuated by the 
actuator device 45 for varying the pressure in the control 
chamber 59 and, hence, controlling opening and closing of 
the holes 26 of the injection noZZle 23 by means of the axial 
translation of the rod 27. 

The sleeve 60 is made of a single piece With the anchor 
47 and has an internal cylindrical surface coupled to the 
surface 79 substantially in a ?uid-tight Way so as to slide 
axially betWeen an advanced end-of-travel position and a 
retracted end-of-travel position. 

In particular, in the advanced end-of-travel position, the 
sleeve 60 closes the external annular gap of the chamber 80 
by being coupled so that it bears, at one 81 of its ends, upon 
a conical shoulder 82, Which connects the surface 79 of the 
stem 50 to the base 71. In this position, the fuel exerts a Zero 
resultant force of axial thrust on the sleeve 60, since the 
pressure in the chamber 80 acts radially on the internal 
cylindrical surface of the sleeve 60 itself. 

In the retracted end-of-travel position, the end 81 of the 
sleeve 60 is set at a distance from the shoulder 82 and 
delimits thereWith a gap for passage of the fuel toWards an 
annular channel 83 delimited by the ring-nut 56 and by the 
sleeve 60 itself. The annular channel 83 communicates, 
through the cavity 53 of the holloW body 21, With a 
respective exhaust pipe 13 (illustrated in FIG. 1) so as to 
enable out?oW of the fuel toWards the tank 3. 

The pressurized fuel in the chamber 59 acts on the 
terminal surface 66 of the portion 64 of the rod 27. Thanks 
to the fact that the area of the surface 66 of the rod 27 is 
greater than that of the shoulder 42, the pressure of the fuel, 
With the aid of the spring 34, normally keeps the rod 27 in 
a loWered position and the end 31 of the pin 29 in contact 
With the conical seat 24 of the noZZle 23, thus closing the 
injection holes 26. 

In use, the fuel present in the tank 3 is taken in and 
pre-compressed by the loW-pressure pump 5 and further 
compressed by the high-pressure pump 6 up to the pressure 
imposed by the control unit 20. 

With particular reference to the steady running conditions 
of the engine 2, the fuel delivered by the pumping elements 
P1, P2 of the high-pressure pump 16 ?lls both of the delivery 
lines 14, both of the fractions 16 connected to the respective 
delivery lines 14, the outlet lines 15, Which depart from each 
fraction 16, and the fuel-return line 17, in Which the outlet 
lines are connected. 

Furthermore, the fuel, through the respective openings 
100 of each fraction 16, supplies the electro-injectors 8 via 
the respective inlet connectors 37. In particular, the fuel ?lls 
the hole 38 of the appendage 36 and from this supplies, on 
the one hand, the feed pipe 39 of the holloW body 21, the 
feed pipe 40 of the noZZle 23 and the injection chamber 41, 
and, on the other hand, the annular groove 68, the calibrated 
pipe 67, the control chamber 59 and the annular chamber 80 
through the calibrated pipe 69, the chamber 61 and the holes 
78. 
When the control unit 20 excites the electromagnet 46 of 

one of the electro-injectors 8, the sleeve 60 of the anchor 47 
displaces by compression the spring 51 into the retracted 
end-of-travel position. Consequently, the end 81 of the 
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6 
sleeve 60 sets itself at a distance from the shoulder 82 so as 
to open up a gap for passage of the fuel from the chamber 
80 toWards the annular channel 83 and hence toWards the 
respective exhaust pipe 13. 
The pressure of the fuel in the control chamber 59 

decreases in so far as the calibrated fuel-inlet pipe 67 itself 
is not able to restore the How discharged from the annular 
chamber 80 toWards the tank 3. In turn, the pressure of the 
fuel in the injection chamber 41 overcomes the residual 
pressure on the terminal surface 66 of the rod 27 and causes 
displacement upWards of the pin 29 so that through the holes 
26 the fuel is injected from the chamber 41 into the respec 
tive combustion chamber 12. 
When the control unit 20 interrupts excitation of the 

electromagnet 46 of one of the electro-injectors 8, the spring 
51 pushes the sleeve 60 of the anchor 47 toWards the 
advanced end-of-travel position. Consequently, the end 81 
of the sleeve 60 sets itself bearing upon the conical shoulder 
82 so as to close the external annular gap of the chamber 80 
and hence prevent the passage of fuel toWards the respective 
exhaust pipe 13. The pressurized fuel entering through the 
connector 37 restores the pressure in the control chamber 59 
so that the pin 29 re-closes the holes 26, interrupting 
injection into the respective combustion chamber 12. 
The fuel that ?oWs in the line 17 traverses the pressure 

transducer 18, Which has an output connected to the control 
unit 20. The aforesaid control unit 20 holds in memory, as 
a function of the operating conditions of the engine 2, the 
correct values of injection pressure and the times of exci 
tation of each control electromagnet 46 for controlling the 
electro-inj ector 8 necessary for injecting the desired amount 
of fuel into the individual combustion chambers 12. 

In greater detail, should the pressure value indicated by 
the transducer 18 be higher than the correct value stored in 
the control unit 20, the control unit 20 itself issues a 
command for increase of the section of passage of the 
pressure regulator 19. In this Way, the How rate present in the 
line 17 increases, thus draining a greater amount of fuel from 
the fractions 16 of the storage volume 7. Consequently, the 
pressure prevailing in each fraction 16 and the pressure of 
injection into each combustion chamber 12 decrease. 

In a similar Way, should the pressure value indicated by 
the transducer 18 be loWer than the correct value stored in 
the control unit 20, the control unit 20 itself issues a 
command for reduction of the section of passage of the 
pressure regulator 19. In this Way, the How rate present in the 
line 17 decreases, thus draining a smaller amount of fuel 
from the fractions 16 of the storage volume 7. Consequently, 
the pressure prevailing in each fraction 16 and the pressure 
of injection into each combustion chamber 12 increase. 

With reference to FIG. 2, designated as a Whole by 1' is 
an injection system according to a different embodiment of 
the present invention. The injection system 1' is similar to 
the injection system 1 and Will be described in What folloWs 
only as regards the aspects that differ from the latter. 
Corresponding or equivalent parts of the injection systems 1 
and 1' Will be designated, Wherever possible, by the same 
reference numbers. 

Advantageously, each fraction 16 of the storage volume 7 
is further split into tWo distinct elementary storage volumes 
9', ?uidically connected together, each of Which supplies a 
respective electro-injector 8. 

In the embodiment of FIG. 1, each elementary storage 
volume 9, is set outside the respective electro-inj ector 8 and 
supplies it by means of a hydraulic connection that is as 
short as possible, for example, one having a length of less 
than 100 mm. Each elementary storage volume 9' can, for 
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example, be de?ned by a Wye 10' comprising a ?rst through 
tubular portion de?ning, at one end, a ?rst opening 10a‘ for 
intake of the fuel and, at the opposite end, a second opening 
10b‘ for outlet of the fuel. Each Wye body 10' moreover has 
a second tubular portion extending orthogonally in cantile 
ver fashion in an intermediate position from the ?rst tubular 
portion for feeding, via a third, end, opening 100', the fuel 
into the respective electro-injector 8. 

In the case in point illustrated, a ?rst pair of elementary 
storage volumes 9' is set in succession on a ?rst delivery line 
14 coming out of the pumping element P1 of the high 
pressure pump 6. In particular, the aforesaid pair of elemen 
tary storage volumes 9' comprises a ?rst elementary storage 
volume 9' connected directly to the pumping element P1 by 
means the opening 10a‘ and connected, by means of its oWn 
opening 10b‘, to the opening 10a‘, of the second elementary 
storage volume 9'. In addition, the second elementary stor 
age volume 9' of each of the aforesaid pair is connected to 
the line 15 coming out of the corresponding opening 10b '. 

In an altogether similar Way, a second pair of elementary 
storage volumes 9' is set in succession on a second delivery 
line 14 coming out of the pumping element P2 of the 
high-pressure pump 6. 

Operation of the injection system 1' is in all respects 
identical to that of the injection system 1 and consequently 
Will not be described herein. 

With reference to FIG. 3, designated as a Whole by 1" is 
an injection system according to a different embodiment of 
the present invention. The injection system 1" is similar to 
the injection system 1' and Will be described in What folloWs 
only as regards the aspects that dilfer from the latter. 
Corresponding or equivalent parts of the injection systems 1' 
and 1" Will be designated Wherever possible, by the same 
reference numbers. 

In particular, the system 1" comprises an storage volume 
7 advantageously divided into a plurality of elementary 
storage volumes 9" distinct from one another and ?uidically 
connected, each of Which is made Within a respective 
electro-injector 8" and supplies the respective combustion 
chamber 12. 

In the case in point illustrated (FIG. 6), each elementary 
storage volume 9" is obtained by: 

providing, in each electro-injector 8", a pipe 39" and a 
pipe 40" arranged for example symmetrically on the 
opposite side of the axis A With respect to the pipes 39 
and 40 and converging into the injection chamber 41; 

creating a pair of accumulation chambers 33a", 33b" 
respectively in the appendage 36 and in an appendage 
36" made on the holloW body 21" on the opposite side 
of the appendage 36 itself; 

enlarging the control chamber 59; and 
connecting the control chamber 59 itself to the pipes 39, 

40, 39", 40" and to the accumulation chambers 33a" 
and 33b". 

In particular, the chamber 33a" is made along the hole 38 
by enlarging as much as possible the section of passage of 
the fuel. The chamber 33b" is made in a Way altogether 
similar along a hole 38" of the appendage 36" connected, via 
a connector 37", to a ?uid load and to the control chamber 
59. The connector 37" consequently de?nes a mouth for the 
electro-injector 8". 

In greater detail, each elementary storage volume 9" is 
constituted by the holes 38, 38", the chambers 33a", 33b", 
the pipes 39, 39", 40, 40", the injection chamber 41 and the 
control chamber 59. 

In the case in point illustrated, the inlet connectors 37 of 
a ?rst pair of electro-injectors 8" are supplied by the 
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8 
pumping element P1 via a ?rst delivery line 14, Whilst the 
connectors 37" for the aforesaid ?rst pair of electro-inj ectors 
8" are connected to a ?rst outlet line 15. 

Likewise, the inlet connectors 37 of a second pair of 
electro-inj ectors 8" are supplied by the pumping element P2 
via a second delivery line 14, Whilst the connectors 37" of 
the aforesaid second pair of electro-injectors 8" are con 
nected to a second outlet line 15. 

The particular con?guration of the electro-injectors 8" 
described, in combination With the location of the pressure 
regulator 19 doWnstream of the global storage volume 7, 
enables continuous circulation of the fuel through the elec 
tro-injectors 8" themselves and, hence, through the entire 
system 1". 
According to a possible alternative (not illustrated), the 

chamber 33b" and the pipes 39", 40" could be connected just 
to the injection chamber 41 and not to the control chamber 
59. 

Operation of the injection system 1" is in all respects 
identical to that of the injection system 1 and consequently 
Will not be described herein. 

According to yet a further possibility (not illustrated), 
each fraction 16 of the storage volume 7 could be further 
split into a ?rst series of elementary storage volumes set 
Within respective electro-injectors and a second series of 
elementary storage volumes set outside said electro-injec 
tors. In practice, the storage volume corresponding to each 
electro-inj ector is made partly on the inside and partly on the 
outside. 
The modalities of creation of the elementary storage 

volume inside each electro-injector may vary Widely, it 
remaining understood that What is illustrated in FIG. 6 
constitutes just one possible example. In particular, the pipes 
39", 40" and the additional connector 36" could even be 
omitted, or again the pipes 39", 40" could in any case be 
made through the holloW body 21 Without any need to 
associate them to the additional connector 36" but by simply 
connecting them betWeen the injection chamber 41 and the 
control chamber 59. According to a further possible alter 
native, it Would also be possible to provide the additional 
connector 36" connecting it exclusively to the control cham 
ber 59, but Without providing the pipes 39" and 40". 
From an examination of the characteristics of the injection 

systems 1, 1', 1" made according to the present invention, the 
advantages that this enables are evident. 

In particular, thanks to the splitting of the storage volume 
7 into a plurality of fractions 16 that are distinct and 
?uidically connected, it is possible to improve the operation 
of the engine 2 and contain the pollutant emissions during 
the starting transient and during the steady running condi 
tions. 

With particular reference to the system 1, during the 
starting transient, the fractions 16 are rapidly ?lled by the 
fuel, in so far as they globally have a smaller capacity than 
the storage volume normally employed, and rapidly reach 
the correct injection pressure. Consequently, at the moment 
of starting of the engine 2, the injection of fuel by the 
injectors 8 into the combustion chambers 12 takes place in 
correct conditions, so improving the ef?ciency of the engine 
2 and reducing the emission of pollutant substances at the 
exhaust. 

Furthermore, the fractions 16, Which are characterized by 
particularly small overall dimensions, can be more easily 
positioned inside the system 1. 

With particular reference to the systems 1', 1", further 
splitting of the fraction 16 into elementary storage volumes 
9', 9" renders even more e?fective operation of the engine 2 
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and reduces even further the emission of pollutant sub 
stances in the exhaust. In addition, With reference to the 
systems 1, 1', 1", in the steady-state conditions of the engine 
2, the fractions 16, Which, in the systems 1', 1" are further 
split into the elementary storage volumes 9', 9", albeit of 
reduced capacity, enable dampening of the pressure oscil 
lations induced by opening of the electro-injectors 8, 8' 
inside the fractions 16 themselves, on account of the small 
distance of said storage volumes 9', 9" from the holes 26. In 
this Way, operation of the engine 2 is correct, and the 
emission of pollutant substances in the exhaust remains 
contained. 

Finally, it is clear that modi?cations and variations may be 
made to the injection systems 1, 1', 1"described and illus 
trated herein, Without thereby departing from the sphere of 
protection of the ensuing claims. 

The invention claimed is: 
1. A fuel-injection system for an internal-combustion 

engine comprising: 
compressor means for making available said fuel at a high 

pressure to a storage volume; 
at least tWo injectors ?uidically connected to said storage 
volume for taking in said fuel at a high pressure from 
said storage volume and injecting it into respective 
combustion chambers of said engine; 

a tank for said fuel; 
a return line for connecting said storage volume to said 

tank; and 
pressure-regulating means for regulating the pressure in 

said storage volume, ?uidically set in series to said 
return line; said system being characterized in that said 
regulating means are ?uidically set downstream of said 
storage volume so as to enable a continuous How of fuel 
through said storage volume, 

said system being characterized in that said compressor 
means generate at least tWo distinct delivery lines 
Which supply respective distinct fractions of said stor 
age volume. 
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2. The system according to claim 1, characterized in that 

said storage volume is split into at least tWo distinct elemen 
tary storage volumes, Which are ?uidically connected to one 
another. 

3. The system according to claim 2, characterized in that 
each of said elementary storage volumes is set outside said 
injectors. 

4. The system according to claim 3, characterized in that 
each of said elementary storage volumes comprises: an inlet 
section supplied With said fuel; a ?rst outlet section for 
making available said fuel to the corresponding injector; and 
a second outlet section for supplying a load With said fuel. 

5. The system according to claim 2, characterized in that 
each elementary storage volume is made inside a corre 
sponding one of said injectors. 

6. The system according to claim 5, characterized in that 
each of said injectors comprises: an inlet section for supply 
of the fuel; an outlet section for outlet of said fuel toWards 
the respective combustion chamber of the engine; an exhaust 
section of said fuel toWards a collection tank; and a further 
section for a load, Which is ?uidically connected to said inlet 
section through the corresponding said elementary storage 
volume. 

7. The system according to claim 6, characterized in that 
said inlet section of each of said injectors is supplied by a 
respective delivery line of said compressor means, and in 
that said sections for said injectors are ?uidically connected 
to one another. 

8. The system according to claim 1, Wherein said com 
pressor means comprise a high-pressure pump having at 
least tWo pumping elements Which are operable for raising 
the pressure of said fuel, said pumping elements generating 
pressure respective in said delivery lines. 


